Experimental research suggests that food timing is associated with weight regulation. However, the association between the distribution of energy intake (EI) throughout the day and weight gain in the population is uncertain. A cohort of 4243 individuals (49·9 % men, 50·1 % women) aged ≥18 years was selected in 2008-2010 and followed-up through 2012. At baseline, food consumption for a typical week in the previous year was collected with a validated dietary history, and EI was assessed at six eating occasions: breakfast, mid-morning meal, lunch, mid-afternoon meal, dinner and snacking (at any other moment). Individuals were classified into sex-specific quartiles of %EI for each eating occasion. The cutoff points for increasing quartiles of %EI at lunch were 34·4, 40·8 and 47·7 % in men and 33·2, 39·4 and 46·1 % in women. Weight was selfreported at baseline and at the end of follow-up. During a 3·5-year follow-up, 16·3 % of study participants gained >3 kg. Compared with those in the lowest quartile of %EI at lunch, the multivariate OR of gaining >3 kg was 0·79 (95 % CI 0·63, 0·99) in the second quartile, 0·82 (95 % CI 0·64, 1·04) in the third quartile and 0·62 (95 % CI 0·47, 0·80) in the highest quartile (P trend : 0·001). The association was stronger among women and those with overweight or obesity. No association was found between the %EI at the rest of the eating occasions and weight gain. In conclusion, a higher %EI at lunch was associated with a lower risk of weight gain; this may help weight control through the appropriate distribution of daily EI.
Weight gain results from an imbalance between energy intake (EI) and energy expenditure. However, it has been recently postulated that factors beyond the net energy balance may also contribute to weight regulation. Among these factors are differences in the metabolic response between proteins, carbohydrates and fats (1) as well as the circadian rhythm (2) , light exposure (3) and the timing of EI throughout the day (2, 4) . Experimental research on animals suggests that the timing of feeding may be associated with weight gain. Nocturnal mice fed for 6 weeks with a high-fat diet during the 12-h light phase gained significantly more weight than mice fed during the 12-h dark phase, despite consuming an equivalent amount of energy (mice fed during the light phase had a higher fat percentage of 7·8). Therefore, simply modifying the time of feeding can affect body weight (5) . In humans, clinical trials with dietary interventions among overweight patients suggest that the distribution of EI throughout the day and the timing of meals may affect weight loss. Among ninety-three women with metabolic syndrome who were randomised to an isoenergetic 'breakfast' (2929 kJ/700 kcal breakfast, 2092 kJ/500 kcal lunch and 837 kJ/200 kcal dinner) or 'dinner' group (837 kJ/200 kcal breakfast, 2092 kJ/500 kcal lunch and 2929 kJ/700 kcal dinner) during 12 weeks, those in the 'breakfast' group showed greater weight loss and waist circumference reduction. Moreover, BMI was significantly different between the groups, with a 10 % reduction in the 'breakfast' group and only a 5 % reduction in the 'dinner' group (6) . In another study with a 20-week dietary intervention in obese individuals, late lunch eaters (who had lunch around 15.00 hours) lost less weight and displayed a slower weight-loss rate than early lunch eaters (with lunch around 13.00 hours). Late eaters only lost 9·0 (SD 7·1) % of their initial weight, whereas early eaters lost 11·3 (SD 5·8) %. In this study, EI, dietary composition, estimated energy expenditure, appetite hormones and sleep duration were similar in late and early lunch eaters (7) . In recent years, some studies have focused on the association between food timing and the metabolic syndrome (8) , hypertension (9) or diabetes (10) . However, the association between the daily distribution of EI and weight gain is still uncertain. To our knowledge, this is the first study to evaluate the role of the distribution of EI throughout the day on weight gain in adults from the general population.
Methods

Study design and participants
Data were obtained from the ENRICA study (Study on Nutrition and Cardiovascular Risk in Spain; Estudio de Nutrición y RIesgo CArdiovascular en España), methods of which have been reported elsewhere (11, 12) . In brief, this study was conducted among 12 883 persons representative of the non-institutionalised population of Spain aged ≥18 years. Participants were selected in 2008-2010 by stratified cluster sampling. First, the sample was stratified by province and size of the municipality. Second, clusters were chosen randomly in two stages: municipalities and census sections. Finally, the households within each section were selected by random telephone dialing; subjects in the households were chosen proportionally to the sex and age distribution of the Spanish population. Information was collected in three stages: a phone interview to collect information on health status, lifestyle, morbidity and healthcare services use; a first home visit to obtain blood and urine samples; and a second home visit to perform a physical examination and to record habitual diet. For this study, we selected 6207 individuals aged ≥18 years through random sampling of participants in the ENRICA study, with overrepresentation of older adults. In 2012 (after a mean of 3·5 years of follow-up), we conducted a phone interview to update information on lifestyle, diet and morbidity in a subsample of 4887 (78·7 %) participants. The socio-demographic, lifestyle and clinical characteristics were similar in subjects lost to follow-up and in those contacted. All the people who collected information at baseline and at the end of follow-up (nurses to obtain biological samples and non-health personnel for the rest of the tasks) received specific training in the study procedures.
All study participants gave their informed written consent. The Clinical Research Ethics Committee of 'La Paz' University Hospital in Madrid approved both the baseline and the follow-up study.
Food consumption
At baseline, food consumption during a typical week of the previous year was collected; the interviewers helped the study participants in reporting food intake during a typical week accounting for both seasonal and weekend food consumption. To this end, a validated computerised diet history, developed from that used in the EPIC-Spain cohort, was used (13, 14, 15) . Data collection was structured according to the occasions of food intake: breakfast, midmorning meal, lunch, mid-afternoon meal, dinner and snacking, which was defined as eating at any other moment. A set of pictures was used to help in estimating the portion size. Nutrients and EI were calculated using Spanish food composition tables (16) (17) (18) (19) .
Anthropometry
Weight was recorded at baseline and at the end of follow-up by answering the following question: 'How much do you weigh without clothes or shoes on?'. Weight gain was defined as an increase of >3 kg during follow-up, based on re-reported weight. We chose this cut-off point because 3 kg represents about 5 % of body weight among normal-weight people, and it has been related to worse cardiovascular risk factors. At baseline, height and waist circumference were also measured using standardised procedures. BMI was calculated as weight (kg) divided by squared height (m 2 ), and obesity was defined as a BMI ≥30 kg/m 2 .
Potential confounders
Study participants reported socio-demographic and lifestyle variables, including baseline age, sex, educational level and tobacco consumption as well as quitting tobacco during follow-up. Leisure time physical activity (PA) and PA at home were obtained at baseline with the questionnaire developed by the EPIC group of Spain and were expressed in metabolic equivalents (MET)-h/week (20) . PA at work was assessed asking the participants to classify their PA into one of the following categories: sedentary occupation, standing occupation, manual or heavy manual labour or unemployed (21) . Baseline information on the time spent watching TV, night sleep and daytime sleep was also obtained (12) . Dieting was assessed using the following question: 'Are you on a diet to lose weight?'. Diet quality was defined according to the Mediterranean dietary pattern estimated using the Mediterranean Diet Adherence Screener (MEDAS) (22) . This index consists of fourteen items, and twelve of them include food consumption targets: use of olive oil as the principal source of fat for cooking, consumption of >3 tablespoons of olive oil/d, ≥2 serving/d of vegetables, ≥3 servings/d of fruit, <1 serving/d of red meat, <1 serving/d of butter or margarine, <1 serving/d of sugar-sweetened beverages, ≥1 cup/d of wine, ≥3 servings/week of legumes, ≥3 servings/week of fish, <2 servings/week of commercial pastry and ≥3 servings/week of nuts. The other two items are targets for consumption habits characteristic of the Mediterranean diet in Spain: preference for white meat over red meat and ≥2 times/week consumption of dishes with sofrito (a tomato sauce with garlic, onion or leeks sautéed in olive oil). A value of +1 was assigned for each target achieved. A higher MEDAS score (range 0-14) indicates better adherence to the Mediterranean diet.
Finally, individuals reported at baseline and at the end of follow-up if they had ever been diagnosed by a physician with any of the following conditions: coronary disease, stroke, chronic respiratory disease, cancer at any site, osteoarthritis/ arthritis or diabetes.
Statistical analysis
Of the 4887 participants who were contacted during follow-up, 4780 were alive at the time of the interview. Of these, twentyone were excluded for not providing valid information on diet, 451 for lacking data on weight change and sixty-five for missing values for other variables. Thus, the final analyses were performed with 4243 individuals.
Study associations were summarised with OR and their 95 % CI obtained from logistic regression, where the dependent variable was weight gain of >3 kg during follow-up, and the main independent variable was baseline %EI at each eating occasion. Percentage of EI was modelled in sex-specific quartiles, using the lowest as the reference group. Two logistic regression models were developed. Model 1 was adjusted for age, sex and total EI. Model 2 was additionally adjusted for the rest of potential confounders (level of education, tobacco consumption, quitting smoking during follow-up, leisure time PA, PA at home, PA at work, watching TV, night sleep, daytime sleep, BMI at baseline, dieting, MEDAS score, chronic coronary disease, stroke, chronic respiratory disease, cancer, osteoarthritis/arthritis, diabetes and incident disease during follow-up).
To assess the robustness of the results, we conducted several sensitivity analyses. Specifically, we re-ran the models using weight gain of >5 kg as the dependent variable. Moreover, given that eating three or more times per day has been linked to higher weight gain (23) , we further adjusted the analyses for the number of eating occasions (≤3, 4, 5 and 6); individuals were considered to have skipped an eating occasion when they reported that they did not eat any food at that occasion at least once every 15 d. In addition, as some foods that may protect from weight gain, such as vegetables and fruits, are mostly consumed at lunch and dinner, the analyses were additionally adjusted for vegetables, fruit and fibre intakes.
Finally, we assessed whether the study association varied with sex, BMI, dieting and the MEDAS score, by using likelihood ratio tests, which compared models with and without interaction terms.
Statistical significance was set at P < 0·05. Analyses were performed with Stata 11.2 for Windows (StataCorp LP).
Results
Lunch was the eating occasion with the highest %EI (40 %), followed by the dinner (28 %), breakfast (16 %) and snacking (6 %). The frequency of meal skipping was very low for the main eating occasions. Men skipped the mid-afternoon meal more often than women. No substantial differences were found between men and women in the distribution of the %EI throughout the day (Table 1) .
Cut-off points for the sex-specific quartiles of %EI at the six eating occasions are presented in Table 2 . The cut-off points for increasing quartiles of %EI at lunch in men were 34·4, 40·8 and 47·7 %, and the corresponding values in women were 33·2, 39·4 and 46·1 %. Participants in lower quartiles of %EI at breakfast and at lunch tended to be younger. Those in lower quartiles of %EI at lunch and at dinner had a worse diet quality according to the MEDAS score. Finally, those in lower quartiles of %EI at the main meals (breakfast, lunch and dinner) had a greater EI. Other socio-demographic, lifestyle or clinical variables showed only small differences across quartiles of %EI (Table 2) . When under-reporting status was considered, there were only small differences in %EI at each eating occasion when comparing under-reporters and non-under-reporters (online Supplementary  Table S1 ). On the other hand, the %EI at each eating occasion decreased across increasing quartiles of EI at lunch, except for snacking, which remained similar throughout the lunch quartiles (data not shown).
During follow-up, 16·3 % of participants gained >3 kg, without substantial differences between men and women. Model 1 and 2 provided similar results for the association between %EI throughout the day and gaining >3 kg. In fully adjusted analyses (model 2), compared with those in the lowest quartile of %EI at lunch, the OR of weight gain >3 kg were 0·79 (95 % CI 0·63, Table 1 . Energy intake at each eating occasion and percentage of participants who skipped each eating occasion among the study participants at baseline, overall and stratified by sex. Data correspond Energy throughout the day and weight gain 
Q1, quartile 1 (lowest); Q4, quartile 4 (highest); MET, metabolic equivalents; MEDAS, Mediterranean Diet Adherence Screener. * P for trend < 0·05, ** P for trend < 0·01, *** P for trend < 0·001. 0·99) in the second quartile, 0·82 (95 % CI 0·64, 1·04) in the third quartile and 0·62 (95 % CI 0·47, 0·80) in the highest quartile; P for trend 0·001 (Table 3) . During follow-up, 8·4 % of participants gained >5 kg. Similar results were obtained for weight gain >5 kg; the corresponding figures for the quartiles of %EI at lunch were 0·71 (95 % CI 0·52, 0·96), 0·75 (95 % CI 0·54, 1·03) and 0·69 (95 % CI 0·50, 0·97); P for trend 0·047. Further adjustment for the number of eating occasions, as well as for vegetable, fruit and fibre intakes, did not materially change the results. In analyses stratified by sex, the results were in the same direction, although the association between %EI at lunch and lower risk of weight gain remained statistically significant only in women; P for interaction 0·43 (Fig. 1) . After stratification by BMI, the association was stronger in those with overweight or obesity, although again the interaction did not reach statistical significance; P for interaction 0·72. Finally, the association remained similar in strata defined by dieting and the MEDAS score (Fig. 2) . A higher %EI at lunch was associated with a lower %EI at the rest of eating occasions, and with an increased frequency of skipped mid-morning and mid-afternoon meals and snacking; moreover, the %EI from carbohydrates decreased, whereas the %EI from lipids and alcohol increased (Table 4) . No association was found between the %EI at the rest of the eating occasions and weight gain (Table 3) .
Discussion
In this adult population of a Mediterranean country, where lunch is the main meal of the day, a higher %EI at lunch was associated with a lower risk of weight gain. This association was stronger in women and in those with overweight or obesity. Those with higher %EI at lunch also had higher intake of fat but lower intake of carbohydrates. Finally, we did not find an association between %EI at dinner or at any other eating occasion and weight gain.
Our results are consistent with those from a cross-sectional analysis including 239 subjects -the 'Los Angeles Energetics Study'. In this study, participants with ≥33 % of their EI at 12.00 hours were less likely to be overweight or obese. However, having ≥33 % of EI at dinner was associated with a greater frequency of weight gain, although the association lost statistical significance when the analysis was restricted to true reporters (based on doubly labelled water to measure EI) (24) .
Our results are in line with pioneering studies of the association between chronobiology and chronic diseases. A study among seventy women found that the presence of chronodisruption was related to obesity and the metabolic syndrome (8) . Moreover, in another study, obese women had lower sleep efficiency, ate more quickly and spent more time Ref., referent value; MET, metabolic equivalents. * P < 0·05, *** P < 0·001. † Model 1: adjusted for sex, age (18-29, 30-44, 45-64, ≥65 years) and total EI. ‡ Model 2: adjusted as model 1 plus for level of education (primary or less, secondary, university), tobacco consumption (never, former and current smoker), quitting smoking during follow-up (no/yes), leisure time physical activity in MET-h/week (quartiles), physical activity at home in MET-h/week (quartiles), physical activity at work (sedentary, standing, manual or heavy manual labour, unemployed), watching TV in h/d (quartiles), night sleep in h/d (quartiles), daytime sleep in min/d (quartiles), BMI at baseline (quartiles), dieting (no/yes), Mediterranean Diet Adherence Screener score, chronic coronary disease (no/yes), stroke (no/yes), chronic respiratory disease (no/yes), cancer (no/yes), osteoarthritis/ arthritis (no/yes), diabetes (no/yes) and incident disease during follow-up (no/yes). Energy throughout the day and weight gaineating and sleeping during daytime than women with normal weight. Moreover, a higher EI in obese women was related to a higher frequency of snacking at night (9) . Finally, a common type 2 diabetes risk variant in MTNR1B has been linked to a worse effect of melatonin on glucose tolerance (10) . Most studies on the health effects of the distribution of EI during the day have focused on night-eaters, skipping breakfast and on the number of eating occasions. In a study with 117 healthy non-diabetic Pima Indians and forty-five white participants, 36 % were night-eaters. After 6 months of follow-up, night-eaters gained more weight than non-night-eaters (25) . In another prospective study in Copenhagen with 2111 individuals, night eating was not associated with subsequent weight gain, except among obese women who further increased their weight (26) . Unfortunately, in our study, night eating was included as part of snacking, and therefore we cannot distinguish night-eaters from people who have a snack at any other moment. However, given that snacking represented only 6 % of EI, and that snacking was not associated with weight gain, it is unlikely that night-time snacking could have influenced weight gain.
With regard to breakfast, most data on its weight effects derive from cross-sectional and a few longitudinal studies, which do not provide definite causal evidence (27) ; however, most data suggest that having breakfast on almost all or all of the days is associated with a reduced frequency of overweight or obesity (28, 29) . One possible mechanism of this association is that breakfast skippers overcompensate EI by consuming higher amounts of high energy-dense food later in the day due to a poor appetite control (27) . In our study, only 1·3 % of individuals skipped breakfast. Thus, it is unlikely to represent an important risk factor for weight gain in our population. There is also uncertain evidence about the effect of the number of eating occasions on body weight. It has been suggested that a high number of meals and snacks may be linked to a higher total EI, and that eating more than three meals a day may be associated with overweight and obesity (23) . A reduction in satiety response to dietary fibre has been postulated as a possible mechanism (23) . On the other hand, reducing the number of eating occasions has been related to a better lipid profile in obese individuals (30) . In our study, the main results also held after additional adjustment for the number of eating occasions, and no association was found between the number of eating occasions and weight gain (data not shown).
There is also recent interest on whether the timing of food intake may affect weight regulation. In one study with animals, an unusual food timing was associated with weight gain (5) . Moreover, in animals, results from another study suggest that timed feeding v. ad libitum feeding could prevent obesity and even reverse the harmful effects of a high-fat diet (31) . In addition, experimental studies on circadian misalignment in humans (e.g. jet-lag and night-shift work) have shown decreased leptin concentrations, increased glucose and insulin levels, reversed daily cortisol rhythm and increased mean arterial pressure (32) . Moreover, there is some evidence that light at night increases body mass by shifting the time of food intake (3) and that short sleep duration or sleep deprivation are related to obesity (33) (34) (35) . Finally, the timing of dessert consumption can also be of relevance. In a randomised, crossover study with children aged 2-5 years, serving the dessert with the main course reduced total EI, regardless of the portion size of the main course (36) . A large part of the biological activity shows a circadian rhythm, and it has been suggested that between 10 and 30 % of the human genome is under the circadian clock control (37) . There is evidence of the existence of a central circadian clock that synchronises peripheral circadian clocks (e.g. in the liver, intestine, pancreas and peripheral fat tissue), and that these peripheral clocks are sensitive to food timing. Indeed, timing of food along with sleeping and light/ dark conditions (3) are considered natural synchronisers of peripheral and central clocks (38) . Of particular relevance is the effect of food timing on peripheral fat because many genes expressed in adipose tissue follow a circadian rhythm, which appears to be critical in accumulating or mobilising fat (39) . In addition, hormonal secretion and hunger are under circadian control (38, 40) . Thus, a significant EI at the 'wrong time' of the day may alter peripheral circadian clocks, resulting in dysregulation of metabolism and weight (41) . However, despite substantial research on the effect of food timing on weight regulation (42) , we still lack a complete understanding of its mechanisms. These may nonetheless include changes in satiety (24) , decreased insulin sensitivity and glucose tolerance (6) , changes in the circadian regulation of adipose tissue (39) and alterations in the circadian rhythm of cortisol and other hormones (4) . The main strength of this study is that participants were selected from the general population. Moreover, the analyses were adjusted for an important number of potential confounders including total EI, time devoted to sleep at night and during daytime, diet quality and many other lifestyle factors.
The main limitation is that weight was self-reported. However, at baseline, we obtained both measured and self-reported weight and they showed high correlation (r 0·98), with a mean under-reporting of 0·74 kg. In addition, there was substantial cohort attrition, particularly because of individuals with missing data on weight change; however, it is difficult to know its possible effect on the study results. However, we did not find important differences in socio-demographic, lifestyle and clinical characteristics between subjects lost to follow-up and those contacted. Another limitation could be under-reporting of EI, but there is no reason to suggest that it was different across eating occasions. Moreover, although food consumption data were collected with a valid diet history, EI throughout the day has not been validated. Finally, the results may not apply to countries where lunch is not the main meal, and therefore specific studies are needed in such populations.
In conclusion, a higher %EI at lunch, the main meal of the day in Spain, was associated with a lower risk of weight gain. If this finding is confirmed in future studies, it may help improve the effectiveness of weight-control interventions (43) , by emphasising the appropriate distribution of EI throughout the day.
